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1. Introduction
Both 4-step and 2-step RACH for NR-U were discussed during the NR-U Study Item. Since 2-step RACH is a separate Rel-16 WI for NR in general, here we focus on 4-step RACH.

RAN2#105bis has made considerable progress on RACH. In this contribution, we discuss some of the remaining issues.
2. Discussion
In Rel-15 NR, RACH resource selection is done by MAC which provides a preamble and a RACH occasion to PHY. Even with additional RACH resources and LBT impact, this mechanism can work as before and should be the basis for NR-U.

Since RAN2#105bis agreed that “MAC returns to the resource selection step if LBT fails for Msg1 transmission opportunity(ies)”, the same should be repeated after every LBT failure
Proposal 1: MAC should provide a preamble index and one PRACH to PHY layer as in NR and repeat this if transmission fails due to LBT. 

After msg1 transmission, the UE will start RAR timer. It was agreed to extend the timer value beyond the current 10ms with exact value FFS. Extending this timer is also being discussed for 2-step RACH where a larger value is needed due to gNB processing of msgA as well as considering the CU-DU backhaul delay. The 2-step RACH will also be used in NR-U where such delays will be increased by LBT. Therefore, it is safer to select a large enough value.
The value of ra-ResponseWindow is configured in slots and a maximum of 180 slots is allowed even though the specification also limits the upper limit to 10ms. Therefore, the signalling can already provide larger values, and all is needed is to have a new maximum limit in the field description for NR-U. Even though RAN1 has not finalized SCS options for NR-U, above 60khz will not be supported for the currently considered bands.
Observation 1: RRC signaling for ra-ResponseWindow already supports up to 180 slots which can go up to 45ms for the considered SCS for NR-U. 

Proposal 2: RAN2 should consider a maximum RAR timer value which can also accommodate 2-step RACH. 

For RAR, transmission on SpCell as in NR was taken as a baseline. One difference in NR-U SA is that the transmissions on PCell is also subject to LBT and thus gNB may not get the channel on PCell for RAR transmission while this may be possible on another SCell. Therefore, there is benefit of diversifying RAR transmission across cells. 
Observation 2: Allowing RAR transmission on an SCell can enable the gNB to transmit the RAR on the first cell which gets access to the channel.

Proposal 3: RAR transmission on an SCell should be allowed. 

RAN2#105bis also discussed when to start the contention resolution timer but did not down-select between the following two alternatives:
· Either a) the ra-ContentionResolutionTimer is started regardless of the LBT outcome of msg3 transmission or b) ra-ContentionResolutionTimer is started only at successful LBT outcome of msg3 transmission + immediately the UE to restart from RACH resource selection if all MSG3 transmissions fail. FFS

The main difference here is that the timer can start much later with the second option. However, since the contention resolution timer is sufficiently large (64ms), this should not be a big disadvantage. On the other hand, the first option is much simpler and same as legacy behaviour and thus can be selected.
Proposal 4: ra-ContentionResolutionTimer is started regardless of the LBT outcome of msg3 transmission.
3. Conclusion

In this contribution, we discussed remaining issues for 4-step RACH and proose the following:
Proposal 1: MAC should provide a preamble index and one PRACH to PHY layer as in NR and repeat this if transmission fails due to LBT. 

Observation 1: RRC signaling for ra-ResponseWindow already supports up to 180 slots which can go up to 45ms for the considered SCS for NR-U. 

Observation 2: Allowing RAR transmission on an SCell can enable the gNB to transmit the RAR on the first cell which gets access to the channel.

Proposal 3: RAR transmission on an SCell should be allowed. 

Proposal 4: ra-ContentionResolutionTimer is started regardless of the LBT outcome of msg3 transmission.
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